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ROBERT R. HENRY, MD 1 R ecent research has shown that adipose tissue is not simply an inert storage depot for lipids but is also an important endocrine organ that plays a key role in the integration of endocrine, metabolic, and inflammatory signals for the control of energy homeostasis. The adipocyte has been shown to secrete a variety of bioactive proteins into the circulation. These secretory proteins, which have been collectively named adipocytokines (1), include leptin (2), tumor necrosis factor (TNF)-␣ (3), plasminogenactivator inhibitor type 1 (PAI-1) (4), adipsin (5), resistin (6), and adiponectin (7). Adiponectin, the gene product of the adipose most abundant gene transcript 1 (apM1) (7), is a novel and important member of the adipocytokine family. Adiponectin cDNA was first isolated by largescale random sequencing of the human adipose tissue cDNA library (7). It is a collagen-like protein that is exclusively synthesized in white adipose tissue, is induced during adipocyte differentiation, and circulates at relatively high (microgram/milliliter) concentrations in the serum. Both murine and human forms of adiponectin have been isolated independently by several groups, and various descriptive names have been given to the same compound by different investigators: adipocyte complement-related protein of 30 kilodalton (Acrp30) (8), Adipo Q (9), and gelatin binding protein of 28 kilodalton (GBP28) (10). The former two are murine analogs and the latter the human counterpart. Throughout this review, we will be referring to the protein by its most commonly used name, adiponectin.
Adiponectin has been postulated to play an important role in the modulation of glucose and lipid metabolism in insulin-sensitive tissues in both humans and animals. Decreased circulating adiponectin levels have been demonstrated in genetic and diet-induced murine models of obesity (11), as well as in dietinduced forms of human obesity (12). Low adiponectin levels have also been strongly implicated in the development of insulin resistance in mouse models of both obesity and lipoatrophy (11). In humans, plasma levels of adiponectin are significantly lower in insulin-resistant states including type 2 diabetes (13) and can be increased upon administration of the insulin-sensitizing thiazolidinedione (TZD) class of compounds (14 -17) . Plasma adiponectin levels in diabetic subjects with coronary artery disease (CAD) are lower than in diabetic patients without CAD, suggesting that adiponectin may have anti-atherogenic properties (18) . In studies done on human aortic endothelial cells, adiponectin has been shown to dose-dependently decrease the surface expression of vascular adhesion molecules known to modulate endothelial inflammatory responses (19) . It also inhibits proliferation of vascular smooth muscle cells (20) and concentrates within the vascular intima of catheter-injured vessels (21) . In clinical studies, low adiponectin levels have been associated with an atherogenic lipid profile (18, 22) . The association of low adiponectin levels with obesity, insulin resistance, CAD, and dyslipidemia indicates that this novel protein may be an important new marker of the metabolic syndrome. This article will review the current understanding about the structure, function, and metabolic effects of adiponectin and provide insight into its potential clinical relevance.
Structure, processing, and mode of action A description of the cDNA encoding adiponectin was first reported in 1995 by Scherer et al. (8) . Adiponectin is a protein of 247 amino acids consisting of four domains, an amino-terminal signal sequence, a variable region, a collagenous domain (cAd), and a carboxy-terminal globular domain (gAd) (8) (Fig. 1) . On the basis of both its primary amino acid sequence and its subunit domain structure, adiponectin is most similar to C1q, a member of the complement-related family of proteins. However, X-ray crystallography of the globular fragment of adiponectin also reveals a striking structural homology to TNF-␣, suggesting an evolutionary link between the TNF-␣ family members and adiponectin (23).
Once synthesized, mammalian adiponectin undergoes posttranslational hydroxylation and glycosylation modifications yielding eight isoforms (24). Six of the adiponectin isoforms are glycosylated. O-linked glycosylation sites have been mapped to four lysine residues, 68, 71, 80, and 104, and one proline residue, 94, located within the collagenous domain (24). In addition, there is evidence that some of the O-linked glycans contain unique and adipocyte-specific disialic acid residues, a newly recognized class of sialyl groups in glycoproteins (25). Functional analysis of full-length glycosylated mammalian adiponectin has revealed that it is significantly more potent as an insulin sensitizer than the recombinant nonglycosylated bacterial product. These obser-vations suggest that posttranslational modifications of adiponectin may be necessary for optimal biological activity.
The basic building block of adiponectin is a tightly associated trimer, which is formed by association between three monomers at the globular domains. Monomeric (30-kDa) adiponectin has not been observed in the circulation and appears to be confined to the adipocyte. Four to six trimers associate through their collagenous domains to form higherorder structures, or oligomers, which circulate in plasma at concentrations of 5-30 g/ml (8,12,23) (Fig. 2) . Without the collagenous domain, the globular domain of adiponectin still trimerizes but does not associate into higher-order structures (23). Although the precise molecular mechanisms underlying the tight association of adiponectin trimers are not known, it is likely that interactions involving both the globular and the collagenous domains are important for ensuring the stability and activity of the multimeric forms.
The current methods available for measuring adiponectin in plasma include a radioimmunoassay (Linco, St Charles, MO) that measures the multimeric form and an enzyme-linked immunosorbent assay (B-Bridge International, San Jose, CA) that recognizes the denatured monomer form. Circulating levels detected with either method appear to be similar.
The pharmacological effects of adiponectin have been studied at animal, tissue, and cellular levels using a variety of recombinant adiponectin products. Studies investigating the bioactivity of fulllength adiponectin versus that of the globular domain alone have produced mixed results. The globular head domain of adiponectin has been shown to be more potent than the full-length form in ameliorating hyperglycemia and hyperinsulinemia in diet-induced and genetic forms of murine obesity (11) and in decreasing elevated plasma free fatty acids in mice fed a high-fat meal or given intravenous intralipid injections (26). These results are in contrast to those of Berg et al. (27) , whereby injection of bacterially produced globular adiponectin into mouse models of type 1 and 2 diabetes did not induce a decrease in serum glucose, although the full-length form did. It is possible that adiponectin exists as variable protein complexes that exert different effects in various tissues.
The mechanisms through which adiponectin exerts its actions are largely unknown and controversial. Adiponectin administration to rodents has been shown to increase insulin-induced tyrosine phosphorylation of the insulin receptor in skeletal muscle in association with increased whole-body insulin sensitivity (11). These results were also validated in a recent study conducted in humans (28).
Stimulation of glucose utilization and fatty acid oxidation in skeletal muscle and liver by adiponectin may also occur through activation of 5Ј-AMP kinase. 5Ј- AMP-activated protein kinase is believed to play a crucial role in the regulation of energy expenditure and glucose and lipid metabolism. The tissue-specific effect of adiponectin on 5Ј-AMP kinase has recently been demonstrated in mice. In these studies, both the globular and fulllength forms of adiponectin activated 5Ј-AMP kinase in skeletal muscle, but only the full-length form stimulated phosphorylation and activation of AMP kinase in the liver (29).
In skeletal muscle of mice, adiponectin has been shown to increase expression of the genes encoding proteins involved in fatty acid transport and oxidation, such as CD36, acyl-CoA oxidase, and uncoupling protein, resulting in enhanced fat combustion and energy dissipation (11). In the liver, low doses of adiponectin decreased the expression of proteins involved in fatty acid transport, such as CD36, leading to reduced fatty acid influx into the liver and hepatic triglyceride content (11). Improved hepatic insulin sensitivity occurred, leading the investigators to postulate that the primary effects of adiponectin on muscle are to augment uptake and combustion of free fatty acids (FFAs), whereas decreased liver triglyceride content results from secondary reductions in serum FFA and triglyceride levels. In a separate experiment by the same group (30), amelioration of insulin resistance, ␤-cell degranulation, and diabetes occurred in globular adiponectin transgenic (gAd Tg) crossed with leptindeficient ob/ob mice. Again, these findings were associated with increased skeletal muscle fatty acid oxidation. This finding is in contrast to that reported by another group in which, in the basal state, adiponectin exerted an insulin-sensitizing effect on hepatocytes with suppression of hepatic glucose output without a sustained attenuation of triglyceride accumulation in this tissue (27).
A unified theme for the method and site of adiponectin action thus remains to be determined (Fig. 3 ).
Epidemiology
Although adiponectin is secreted only from adipose tissue, its levels are paradoxically lower in obese than in lean humans (12). This is in contrast to most other adipocytokines, whose levels are increased in obesity in proportion to an increased total body fat mass. It is possible that although adiponectin expression is activated during adipogenesis, a feedback inhibition on its production may occur during the development of obesity. For example, adipocyte expression and secretion of adiponectin has been shown to be reduced by TNF-␣ (31). Therefore it may be reasonable to surmise that increased TNF-␣ and possibly other adipocytokines that are expressed in increased amounts in the obese state may at least be partially responsible for the decreased adiponectin production in obesity.
Levels are also lower in patients with essential hypertension (32) and in diabetic patients compared with nondiabetic subjects (18) , and are particularly low in subjects with CAD (18) . Decreased levels are found in men compared with women (12), and this may be androgen induced (33) . The incidence of cardiovascular death has been found to be higher in patients with renal failure who have decreased adiponectin levels (hypoadiponectinemia) (34) . Decreased adiponectin levels were found to be closely related to the degree of insulin resistance and hyperinsulinemia in a study conducted on Pima Indians and Caucasiansindividuals with a wide range of glucose tolerance (13). Ethnicity seems to play a role, since one study showed significantly higher plasma concentrations of adiponectin in Caucasians compared with BMI-matched Indo-Asians (35). Hotta et al. (18) have reported a significant negative correlation between circulating adiponectin and triglyceride levels and a positive correlation between adiponectin and HDL cholesterol levels in type 2 diabetes. Matsubara et al. (22) demonstrated that plasma adiponectin concentrations were not only inversely related to triglyceride levels, atherogenic index (total:HDL cholesterol), and apolipoproteins (apos) B and E, but also positively correlated to serum HDL cholesterol and apo A-1 in nondiabetic female patients. These declines in adiponectin in hypertriglyceridemic, high atherogenic index, and low HDL states were also observed after adjusting for BMI, body fat mass, age, and diastolic blood pressure. These findings suggest that the hypoadiponectinemia observed in dyslipidemia may accelerate 
-Hypothetical model for the actions of adiponectin. In skeletal muscle, adiponectin increases tyrosine phosphorylation of the insulin receptor. This effect may contribute to increased insulin sensitivity. It also increases fatty acid oxidation, probably by activation of 5Ј-AMP kinase, with resultant decreased intramyocellular steatosis. In the liver, the decreased free fatty acid influx and increased fatty acid oxidation contribute to reduced hepatic glucose output and VLDL triglyceride synthesis. In vascular endothelium, adiponectin decreases monocyte adhesion to endothelium, suppresses macrophage-to-foam cell transformation, and inhibits vascular smooth muscle cell proliferation and migration.
the atherosclerotic changes seen in the metabolic syndrome.
Metabolic roles of adiponectin
Adiponectin as a mediator of insulin action/resistance A strong correlation between adiponectin and systemic insulin sensitivity has been well established both in vivo and in vitro in mice, other animals, and humans (11,17,27,36 -42) .
In experiments conducted by Berg et al. (27) , intraperitoneal injection of mammalian-expressed full-length adiponectin into fasting male wild-type mice and two models of type 1 diabetes-insulinopenic nonobese diabetic and streptozotocininduced diabetic mice-produced a significant transient reduction of glucose levels. Adiponectin did not appear to be acting primarily as an insulin secretagogue, since insulin levels were low at the beginning of the experiments in all animals and remained low even after adiponectin injection. Adiponectin injection into a type 2 diabetic model (ob/ob mice) also lowered glucose levels. Despite dramatically different insulin levels in the different mouse models, a common mechanism appeared to be responsible for the decreased plasma glucose sensitization of the liver to insulin-induced suppression of hepatic glucose output. Studies by Yamauchi et al. (11) showed similar effects, namely improved insulin sensitivity and amelioration of hyperglycemia in mouse models of obesity, diabetes, and lipoatrophy, although following systemic infusion of physiological doses of the globular domain of adiponectin, not the full-length form. Euglycemichyperinsulinemic clamp studies have shown that acutely increasing circulating adiponectin levels by infusion of recombinant full-length adiponectin improves insulin-induced suppression of hepatic glucose production in mice. This was associated with a reduced expression of the gluconeogenic enzymes PEPCK and glucose-6-phosphatase (G6Pase), indicating that transcriptional regulation of these two enzymes may contribute to the molecular mechanism of action of adiponectin (36) .
Circulating adiponectin levels have been shown to decrease in parallel with progression of insulin resistance during development of type 2 diabetes in rhesus monkeys genetically predisposed to develop insulin resistance (37) . In this study, there was a negative correlation of adiponectin levels with body weight and fasting insulin levels and a positive correlation with insulin-stimulated glucose uptake (a marker of insulin sensitivity). In these monkeys, the decline in adiponectin levels preceded overt hyperglycemia. Development of hyperinsulinemia is one possible mechanism for the suppression of adiponectin levels seen in these studies. However, hyperinsulinemia per se seems unlikely as a mediator of low adiponectin levels, since adiponectin levels remain low in the later stages of type 2 diabetes in association with decreased circulating insulin levels. Adipocyte insulin action or signal transduction rather than absolute levels of insulin may regulate adiponectin secretion. In support of this contention, Bogan and Lodish (43) have shown that secretion of adiponectin by 3T3-L1 adipocytes requires phosphatidylinositol 3-kinase (PI-3K), a major intermediate of insulin signaling activity. Insulinstimulated insulin receptor substrate 1 (IRS-1)-associated PI-3K activity has been shown to be decreased in adipocytes of type 2 diabetic subjects (44) . Thus it is possible that the decreased adipocyte PI-3K activity in type 2 diabetic patients may contribute to the decreased adiponectin levels. Additional investigations to test this hypothesis are warranted.
Other investigators have presented data on the potential inverse relationship between adiponectin and insulin action. Euglycemic-hyperinsulinemic clamp studies in both humans and rats (45) have shown that insulin infusion leads to decreased circulating adiponectin levels, consistent with the interpretation that insulin exerts an acute effect on adipocytes to decrease production and/or secretion of this adipocytokine.
Fasshauer et al. (38) have published data supporting a possible role of adiponectin in catecholamine-induced insulin resistance. They found that treating 3T3-L1 adipocytes with the ␤-adrenergic agonist isoproterenol reduced the level of adiponectin mRNA by ϳ75% in vitro. This inhibitory effect of isoproterenol was almost completely reversed by pretreatment of the cells with the ␤-adrenergic antagonist propranolol and the protein kinase A (PKA) inhibitor H-89. The authors concluded that catecholamines might induce insulin resistance at least partly by downregulation of adiponectin gene expression, and that this inhibitory effect was mediated via ␤-adrenergic receptors through a Gs protein (stimulatory guanine nucleotide binding)-PKA-dependent pathway. Homozygous (adipo -/-) adiponectin-deficient mice have been shown to have significantly increased insulin resistance when compared with wild-type and heterozygous (adipo ϩ/-) adiponectin-deficient mice in studies conducted by Kubota et al. (39) . This loss-of-function experiment provides further evidence that adiponectin is indeed required for normal regulation of insulin sensitivity and glucose homeostasis in vivo.
The connection between adiponectin levels and insulin resistance has been further confirmed by data obtained from treatment with TZDs. The peroxisome proliferator-activated receptor (PPAR)-␥ is a ligand-activated transcription factor thought to be a master regulator of adipocyte differentiation and multiple adipocyte genes. TZDs are specific synthetic ligand activators of PPAR-␥ that improve glucose tolerance and insulin sensitivity in type 2 diabetic patients and in animal models of insulin resistance through mechanisms that are incompletely understood. The administration of TZDs has been shown to increase the plasma adiponectin concentrations in insulinresistant humans and rodents and in subjects with type 2 diabetes (14 -17). The promoter activity of the adiponectin gene has been shown to be markedly enhanced by the TZDs (14) , although the presence of a functional PPAR-␥ response element in the adiponectin gene remains controversial (46, 47) . The induction of adiponectin in fact might be caused by secondary effects involving other PPARinducible genes and not by specific activation of the PPAR response elements (48) . In support of an important role for PPAR-␥ in regulation of adiponectin synthesis, circulating adiponectin levels were found by Combs et al. (17) to be suppressed fivefold in patients with severe insulin resistance in association with dominant-negative PPAR-␥ mutations. Thus, induction of adipose tissue adiponectin expression and consequent increases in circulating adiponectin levels could potentially represent a novel potential mechanism for PPAR-␥-mediated enhancement of whole-body insulin sensitivity. Furthermore, adiponectin may be a biomarker of in vivo PPAR-␥ activation.
Combs et al. reported an increase in adiponectin levels in normal subjects after only 14 days of treatment with rosiglitazone. This finding was supported by a recent study in rats, which showed a similar increase in adiponectin levels after 2 weeks of TZD treatment (37) . In another study (16) , an increase in the plasma adiponectin levels was observed along with weight gain after rosiglitazone treatment. These results may appear contradictory to the reported negative correlation between plasma adiponectin levels and body weight. The activation of PPAR-␥ by TZDs may promote weight gain by increasing adipocyte differentiation and the number of small adipocytes, as has been previously shown (49) , as well as enhance adiponectin gene transcription in existing mature adipocytes, thus increasing adiponectin levels.
Adiponectin has also been proposed by some investigators as a reliable marker for insulin resistance in type 2 diabetes. Tajiri et al. (40) used the hyperinsulinemic-euglycemic clamp to quantify glucose infusion rate (GIR) as an index for insulin sensitivity in 16 patients with type 2 diabetes. GIR was most strongly correlated with circulating adiponectin levels and fasting plasma glucose.
The role of adiponectin in mitigating insulin resistance has been further substantiated by studies in humans and mice with lipodystrophies (11, 41, 42) . Lipodystrophies are characterized by selective but variable loss of body fat and insulin resistance. Serum adiponectin levels are extremely low in patients with generalized lipodystrophies and may be related to the general absence of adipose tissue and/or associated severe insulin resistance. Yamauchi et al. (11) showed that treating lipoatrophic mice with physiological doses of adiponectin significantly but not completely ameliorated hyperglycemia and hyperinsulinemia. Adipose tissue expression and circulating adiponectin concentrations have also been found to be significantly decreased in HIV-positive patients with lipodystrophy treated with highly active antiretroviral therapy. Both serum and mRNA concentrations of adiponectin were found to closely correlate with features of insulin resistance, including hepatic fat content (50) . Thus, it may be reasonable to surmise that decreased production of adiponectin in lipoatrophic adipose tissue may contribute to the development of insulin resistance in these patients.
Although a cause-and-effect association has not been definitely established, available evidence indicates that visceral fat is an important link between the many facets of the metabolic syndrome, including glucose intolerance, hypertension, dyslipidemia, and insulin resistance (51) . Visceral adiposity is characterized by enhanced lipolysis (1) and augmented plasma FFA flux, especially into the portal circulation. Increased inflow of FFAs into the liver from the portal circulation is thought to retard insulin clearance and to enhance lipid synthesis, which may result in peripheral hyperinsulinemia and hyperlipidemia. FFAs have also been shown to induce hepatic insulin resistance by inhibiting insulin suppression of glycogenolysis during euglycemichyperinsulinemic clamp studies (52) and to directly stimulate glycogenolysis and gluconeogenesis, thus contributing to mild fasting hyperglycemia in euglycemic subjects given lipid infusions (53) .
Adiponectin mRNA and protein levels have been found to be reduced in omental fat compared with subcutaneous fat (54) . Visceral fat may also produce an as-yet-unidentified factor that destabilizes adiponectin mRNA (55) . The strong inverse correlation between serum adiponectin levels and intra-abdominal fat mass may in part underlie the link between visceral fat and insulin resistance.
Although these epidemiological and experimental studies are suggestive of a role for adiponectin in insulin sensitivity and firmly establish an association between insulin resistance and low plasma adiponectin levels, it is not yet established whether decreased adiponectin levels are the cause or effect of this dysregulated metabolic state.
Adiponectin and atherosclerosis
Experimental studies have indicated that adiponectin has potential antiatherogenic and anti-inflammatory properties (19 -21,56 -60) . Monocyte adhesion to the vascular endothelium and subsequent differentiation to macrophages and foam cells is considered crucial for the development of vascular disease. Ouchi et al. (19) found that adiponectin had effects on monocyte adhesion to endothelium, myeloid differentiation, and macrophage cytokine production and phagocytosis. Adiponectin has been shown to inhibit both the production and action of TNF-␣, a cytokine that has direct effects on the adhesion molecules (3, 19) . Although its receptor has not been identified, adiponectin modulates signaling of nuclear factor B (NFB) (a transcription factor involved in the inflammatory response), at least partly through a cAMP-dependent pathway (56). Ouchi et al. (57) also showed that adiponectin suppressed macrophage-to-foam cell transformation in vitro. Thus adiponectin probably serves as a modulator for macrophage foam cell formation and could provide an answer to the fundamental mechanism for the link between vascular inflammation and atherosclerosis. Furthermore, adiponectinmediated signaling has been shown to inhibit growth factor-induced human aortic smooth muscle cell proliferation and migration (20) . These in vitro studies demonstrate that adiponectin may act as an antiatherosclerotic factor through a direct effect on endothelial cells. Severe neointimal thickening and increased proliferation of vascular smooth muscle cells has been demonstrated in mechanically injured arteries of adiponectin knockout mice. Supplementation of adiponectin in this mouse model attenuated the neointimal proliferation (58) . This has been the first in vivo evidence that adiponectin might serve as a critical link bridging the adipose tissue-vascular axis. Amelioration of atherosclerosis associated with decreased expresson of class A scavenger receptor and TNF-␣ has been demonstrated in globular adiponectin transgenic (gAd Tg) apo E-deficient mice (30). This appears to be the first in vivo demonstration of a protective role of adiponectin against atherosclerosis.
High-sensitive C-reactive protein (hs-CRP) is a well-known marker and risk factor for coronary artery disease. It was recently shown that CRP mRNA is expressed in human adipose tissue (59) . A significant inverse correlation has been observed between CRP and adiponectin mRNA levels in subcutaneous adipose tissue of human subjects with angiographically demonstrated coronary atherosclerosis (59). The same negative correlation exists between plasma hs-CRP and adiponectin levels. This reciprocal association between adiponectin and CRP levels in both human adipose tissue and plasma is supportive of a role for adiponectin against the development of atherosclerosis and vascular inflammation.
Clinical relevance of adiponectin Type 2 diabetes results from an interaction between genetic and environmental factors. Genome-wide scans have mapped a susceptibility locus for type 2 diabetes, metabolic syndrome, and coronary heart disease to chromosome 3q27, where the gene encoding adiponectin is located (60 -63) . Hara et al. (64) found that genetic variations resulting in reduced serum adiponectin levels are associated with increased risk for type 2 diabetes in the Japanese population. In another study, Japanese subjects carrying a missense mutation in the adiponectin gene associated with hypoadiponectinemia exhibited the phenotype of the metabolic syndrome, including insulin resistance and coronary artery disease (65) . Thus genetic polymorphisms of the adiponectin gene that result in lower production and secretion of adiponectin may be responsible, at least in part, for the pathogenesis of the insulin resistance syndrome and diabetes. Conversely, increased baseline concentrations of adiponectin may be associated with a reduced risk of developing type 2 diabetes (66) .
Replenishment of adiponectin might represent a novel treatment strategy for insulin resistance and type 2 diabetes. Adiponectin might have several therapeutic advantages over antidiabetic drugs now used clinically. First, in addition to hypolipidemic and antidiabetic effects, adiponectin has potential anti-inflammatory properties that might prevent or retard atherogenesis. Second, adiponectin appears to exert these effects without increasing body weight (11).
Adiponectin might have therapeutic implications as an anti-obesity drug as well, although there have been no studies in humans so far. In the study by Yamauchi et al. (11), administration of adiponectin slightly but not significantly reduced weight gain induced by a high-fat diet in mice. In studies by Fruebis et al. (26) , daily administration of a very low dose of gAd to mice consuming a high-fat/ sucrose diet caused profound and sustainable weight reduction without affecting food intake. The effect of gAd on weight reduction may reflect its ability to stimulate lipid oxidation or some other yet-to-be-described mechanism. It remains to be determined whether adiponectin can be effectively and safely used as a pharmacologic means to treat obesity in humans. It is also important to note that although low concentrations of plasma adiponectin are observed in obese individuals, a prospective study done in Pima Indians found that circulating adiponectin levels did not predict future weight gain and thus did not appear to play an etiologic role in the development of obesity in these individuals (67) . Improvement in insulin sensitivity by weight reduction in obese subjects with gastric bypass surgery (68, 69) has been reported to increase adiponectin levels. However there has been conflicting data on whether improvement in insulin sensitivity with exercise training is associated with increased adiponectin levels. One study found a correlation between incremental increases in glucose infusion rates (a measure of insulin sensitivity) during euglycemic-hyperinsulinemic clamp studies and adiponectin levels with intensive aerobic exercise (70) , whereas another group of investigators found no increase in adiponectin levels even after 6 months of exercise training, although insulin action significantly improved (71) . The differences in these observations may be in part due to the fact that there was improvement in body composition with the first study, whereas there was no loss of body mass in the latter. In view of its potential beneficial effects, any measure that increases adiponectin levels would likely have some clinical significance. Whether this improvement in insulin sensitivity by the above measures or by treatment with PPAR gamma agonists is mediated entirely or in part by adiponectin has yet to be determined.
CONCLUSION -The view of the adipocyte as simply a storage depot for fat is no longer tenable. Among the various "adipocytokines," adiponectin, which is an abundant circulating protein synthesized solely in adipose tissue, appears to play a very important role in carbohydrate and lipid metabolism and vascular biology. Adiponectin appears to be a major modulator of insulin action and its levels are reduced in type 2 diabetes, which could contribute to peripheral insulin resistance in this condition. It has significant insulin-sensitizing as well as antiinflammatory properties that include suppression of macrophage phagocytosis and TNF-␣ secretion and blockage of monocyte adhesion to endothelial cells in vitro. To date, however, adiponectin's putative antiatherogenic potential in humans remains substantially weaker and less well studied than its insulinsensitizing effects.
Although further investigations are required, adiponectin administration, as well as regulation of the pathways controlling its production, represents a promising target for managing obesity, hyperlipidemia, insulin resistance, type 2 diabetes, and vascular inflammation.
Numerous important questions about adiponectin await further study. The mechanisms by which adiponectin is synthesized and secreted need to be elucidated, as do the signals that reduce adiponectin expression in adipocytes with increasing adiposity. Similarly, the role and regulation of adiponectin oligomerization need to be defined. The molecular mechanisms by which adiponectin exerts its multiple functions and whether its actions are receptor mediated still remain a mystery. Is the primary activity of adiponectin antiatherosclerotic, or is it principally a modulator of lipid metabolism and regulator of insulin sensitivity-or is it all of the above? The answers to these and other intriguing questions will undoubtedly provide additional insight into the metabolic roles of this new adipocyte hormone. 
